Abstract A combination of cultivation-based methods with a molecular biological approach was employed to investigate whether bacteria with identical 16S rRNA gene sequences can represent distinct eco-and genotypes. A set of eight bacterial strains wherein three were Pseudomonas putida and rest were Acinetobacter calcoaceticus, were isolated from casing soils community by conventional plating. These strains had identical 16S rRNA gene sequences and represented the dominant phylotype in the plateable fraction. Each strain utilized a specific combination of 154 carbon substrates, and the niche overlap indices were low, suggesting that each strain occupied a different ecological niche. Our results have implications for assessment of the diversity and biogeography of bacteria and increase the perception of natural diversity beyond the level of 16S rRNA gene sequences. It is worthwhile approach to explore prokaryotic diversity in different ecological niches.
Introduction
Mumbo-Jumbo, that is how Thomas Brock [1] described the study of diversity in his pithy and prescient essay on the state of microbial ecology in 1987. Brock argued that measures of diversity were pointless because the dynamic nature of the microbial world meant that communities did not have a characteristic diversity but changed as the environment changed. Wilson [2] reinforced the futility of the study of microbial diversity when he observed that microbial diversity is 'beyond practical calculation'. The rationale for low prokaryotic diversity is that microbial organisms are so abundant, that free-living representatives can be easily globally dispersed. Consequently allopatric speciation is discouraged in microbial communities by very high invasion rates [3] . Curtis et al. [4] developed a rough and ready universal prokaryotic diversity estimator. They used published data on rRNA gene based clone libraries and found that there could be 7,000 species in a gram of soil. Thus, a ton of soil could theoretically hold 3 million different taxa. The relationship between structure and function in a community can only be understood, predicted and engineered through an understanding of the source of diversity from which the community is drawn [5] .
Analysis of 16S rRNA (ribosomal RNA) gene sequences has become the primary approach for studying the natural occurrence and distribution of bacteria in a culture independent manner [6] . The vertical and seasonal distributions of distinct 16S rRNA gene sequences (phylotypes) within one ecosystem have been used to infer the ecological niches of bacteria [7, 8] . This approach is especially valuable if the physiology of bacteria that have not been cultured yet is to be elucidated.
In many cases phylogenetically closely related bacteria (whose 16S rRNA sequences differ by between 2.7 and 0.3%) have been detected in the same fresh water, marine, or soil habitat [8] . According to macroecological principles of competitive exclusion, physiologically similar micro organisms should not co-occur in nutrient poor systems which are dominated by physical and chemical fluctuations [7] . Accordingly, phylogenetically closely related bacteria coexisting in the same habitat occupy distinct ecological niches which make up the microdiversity [8] [9] [10] [11] . For pathogenic bacteria it is well established that even phylogenetically identical strains or species can exhibit distinct ecophysiological properties. Certain serovars of Mycobacterium intracellulare [12] , serovars of Ochrobactrum anthropi [13] , strains of Yersinia pestis, Yerinia pseudo tuberculosis [14] , or strains of Bacillus anthracis, Bacillus cereus [15] , contain identical 16S rRNA gene sequences. These phylogenetically identical organisms are also genetically highly similar based on DNA-DNA hybridization data but clearly represent different ecotypes based on their virulence properties or host ranges. Often, phenotypic differences can be traced back to the presence of plasmids, as in B. anthracis, in which the major virulence determinants are encoded by the 181-kb plasmid pX01 and the 95-kb plasmid pX02 not present in B. cereus [16] .
In the present study, eight bacterial strains were selected wherein three were Pseudomonas putida and rest five strains were Acinetobacter calcoaceticus with identical 16S rRNA gene sequences. All bacterial strains were isolated from mushroom casing soil (an integrated part of mushroom compost ecosystem and used for cultivation of button mushroom). The strains were subsequently analyzed with respect to their genomic and physiological diversities, and their ecological niches.
Materials and Methods

Recovery of Bacterial Strains
Casing sample (10 g) was suspended in 90 ml of 0.85% normal saline (pH 7.0) and shaken vigorously at 150 rpm at 18°C for 1 h. The resulting slurry was serially diluted (100 ll) to 900 ll of 0.85% normal saline in each Eppendorf tube and appropriate dilution (10 -4 ) of this suspension (100 ll) was spread plated in triplicate, on King's B medium [17] . Cultures were incubated at 20°C ± 2 for 2 days. After incubation they were restreaked until pure cultures were obtained. The purity of all strains isolated was examined microscopically. For experimental use, isolates were transferred when needed to King's B medium that was stored at 4°C.
DNA Extraction
For total genomic DNA extraction [18] 1.5 ml culture was centrifuged at 12,000 rpm for 10 min at 4°C; the pellet was washed with 1.5 ml of TRIS-Cl (0.1 M, pH 6.8) twice and centrifuged. Cells were lysed with a combination of 0.5% SDS and 0.001% proteinase K followed by treatment with 1% CTAB and washed with phenol: chloroform (1:1) and chloroform: isoamyl alcohol (24:1). DNA was precipitated with absolute alcohol at -20°C overnight followed by pelleting and washing with 70% ethanol. After RNAse treatment, pellet was checked for presence of DNA on 0.8% agarose gel run in TBE buffer at 70 V for 45 min. Gel was stained with ethidium bromide and visualized under UV on a Gel Doc Mega System, Biosystematica. ).
PCR Amplification of 16S rDNA
The amplified 16S rRNA gene was obtained from each bacterial isolate by PCR amplification employing the eubacterial universal primers [19] fDI (5 0 -AGAGTTTGA TCCTGG-3 0 ) and rP2 (5 0 -TACCTTGTTACGACTT-3 0 ) which were targeted at universally conserved regions and permitted amplification of approximately 1,500-bp fragment. PCR amplification was carried out in a PTC-100 thermocycler (M.J. Research). Reaction tubes contained 25 ng (5 ll) of DNA extract, 1 U of Taq polymerase (Genei), 19 buffer (10 mM Tris-Chloride [pH 9.0], 1.5 mM MgCl 2 , 500 mM KCl) (Genei), 10 mM dNTPs (Genei) and 0.25 mM of each primer (Genei). Initial DNA-denaturation and enzyme activation steps were performed at 95°C for 7 min, followed by 25 cycles of denaturation at 94°C for 1 min, annealing at 51°C for 1 min and extension at 72°C for 1 min, and a final extraction at 72°C for 10 min. The presence and yield of specific PCR product (16S rRNA gene) was monitored on 0.8% agarose (wt/vol.) (Life Technologies Inc.); gel electrophoresis was carried out at 100 V for 30 min in 19 Tris-acetate-EDTA buffer and visualization by ethidium bromide staining and viewing on a UV transilluminator (Biosystematica).
Partial Sequencing of the 16S rDNA PCR products obtained from bacterial strains were purified with an EXO-SAP. Components were supplemented with Indian J Microbiol (Jan-Mar 2011) 51(1):8-13 9
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gold buffer (Applied Biosystem) and sequenced on an Applied Biosystem 310 Genetic analyzer, using big dye terminator cycle sequencing Ready Kit (Lab India). The partial sequences amplified by the fDI primer were used to determine the similarities. The bacterial strains were tested for their ability to catabolize 154 different compounds (see Table 1 ) as sole carbon sources at a concentration of 5 mM each. Bacterial strains were cultured on KB for 18 h at 20°C. Bacterial cells were scraped from the plate and suspended in phosphate buffer (0.01 M, pH 7.0). The cell suspensions were adjusted to optical density at 560 nm, 0.12. For growth tests, each microtitre well received triplicate 180 ll of minimal medium (M9) and was inoculated with 15 ll of a bacterial suspension, and 10 ll of redox dye, triphenyl-tetrazolium chloride (TTC). Control well was devoid of bacterial suspension. The plates were incubated for 5 days at 20°C, and growth was monitored by determining the colour change of dye from colourless to red.
Niche Overlap Index (NOI)
The NOI was defined in this study as the number of carbon sources utilized by both strains as a proportion of the total number of carbon sources utilized by the strain in question (N tot ): NOI = N A\B /N tot [20] .
Physiological Similarity
The physiological similarity of the eight bacterial strains was determined by cluster analysis. A matrix with a binary code for the presence or absence of each phenotypic trait of the isolate was constructed. The Jaccard coefficient for all pairs of strains was calculated employing the SIMQUAL similarity programme for qualitative data of the NTSYS-pc numerical taxonomy computer package [21] . Cluster analysis was performed with the SAHN program of the NTSYS-pc package and by employing the unweighted pair group method with arithmetic average (UPGMA). Table 1 Compound tested for eight strains belonged to Pseudomonas putida and Acinetobacter calcoaceticus, for their ability to supports growth of the bacterial strains on sole source carbon utilization (SSCU) when incorporated into minimal medium
Organic acids Adipic acid, acetic acid, aconitic acid, anthranilic acid, a-aminobutyric acid, c-aminobutyric acid, citraconic acid, citric acid, folic acid, formic acid, fumaric acid, galacturonic acid, galacturonic acid lactone, polygalacturonic acid, gentisic acid, gluconic acid, glucuronic acid, glucosaminic acid, glutaric acid, glyceric acid, glycolic acid, a-hydroxybutyric acid, b-hydroxybutyric acid, c-hydroxybutyric acid, hyroxyphenylacetic acid, itaconic acid, a-ketobutyric acid, a-ketoglutaric acid, a-ketovaleric acid, lactic acid, malic acid, maleic acid, malonic acid, methylpyruvic acid, monomethylsuccinic acid, mucic acid, nicotinic acid, para-aminobenzoic acid, pantothenic acid, pimelic acid, pipe-colic acid, propionic acid, pyruvic acid, quinic acid, saccharic acid, salicylic acid, sebacic add, shikimic acid, succinic acid, bromosuccinic acid, succinamic acid, tartaric acid, urocanic acid 
Results
Colour Formation in Microtiter Plates
Development of redox sensitive dyes such as TTC and incorporation of these dyes into microtiter plates has allowed for rapid profiling of sole source carbon utilization by bacterial isolates [22] . Colour formation in microplate wells in SSCU is based on the conversion of the redoxsensitive tetrazolium dye which is reduced during respiratory activity, and accumulates as insoluble formazan inside active cells. No colour development was observed in the control well.
Ecological Similarity and Co-Existence
Strains were morphotypically quite similar and they were Pseudomonas putida and Acinetobacter calcoaceticus species based on partial 16S rRNA gene sequencing. Consequently, their potential ecological niches were assessed based on their carbon substrate utilization patterns. Each strain used a unique combination of the 154 carbon substrates. The lowest metabolic diversity was observed for strain USC 31 (P. putida) isolated from FYM ? SC (3:1) whereas it was higher for two strains of P. putida viz, UVC 2 and CVC 2. The higher NOI calculated for all pairs of P. putida strains indicated that they occupy different ecological niches i.e. cannot coexist. Similarly, NOI for all pairs of A. calcoaceticus strains was calculated (Table 2) .
Compositional Similarity
Measure of niche overlap index (NOI) does not provide information about the types of substrates that are utilized by the bacterial strains. Four strains showed identical NOI but still catabolized different substrates. Beside NOI, a consistent relationship among strains was made by cluster analysis, based on the presence or absence of substrate utilized (Fig. 1) . Two strains UVC 2 and UVC 8 showed 78% similarity and they had 65% similarity with CVC 2 whereas USC 29 and USC 30 showed 65% similarity with each other. The least relationship was observed for UVC 4, UVC 3 and USC 31 with each other. Strain USC 31 was entirely different i.e. different and had least no of substrates utilization by USC 31 while UVC 3 utilized quite more no of C-sources. They showed 15% similarity with UVC 4 and UVC 4 had 40% similarity with each other.
Discussion
It is important to study microbial diversity not only for basic scientific research, but also to understand the link between diversity and community structure and function. Although methods to study diversity (numerical, taxonomic, and structural) are improving for both bacteria and fungi, there is still not a clear association between diversity and function. Even if an organism is functionally redundant in one function, chances are it is not redundant in all functions and will have different susceptibilities and tolerances to abiotic and biotic stresses. It is generally thought that a diverse population of organisms will be more resilient to stress and more capable of adapting to environmental changes [23] .
The Pseudomonas and Acinetobacter sp. strains investigated in the present study were retrieved from the casing soils. Therefore, a hitherto unknown multitude of ecotypes must thrive in the same habitat. Based on our results, it has to be concluded that the extent of genomic and physiological diversity masked by identical 16S rRNA sequences is much larger than has been assumed previously and that this so-called microdiversity has ecological relevance. If a bacterial species is defined as a ''monophyletic and genomically coherent cluster of individual bacteria that show a high degree of overall similarity in many independent characteristics'', then bacterial diversity may indeed exceed present estimates by several order of magnitude, as previously suggested [24, 25] . Wilson and Lindow [20] calculated niche overlap index for ice-nucleating (Ice ? ) P. syringae strain with respect to non-ice-nucleating (Ice -) P. syringae strain TLP2 del. It was uniformly high indicating that they were ecologically similar but had low level of coexistence. These authors reported that in the phyllosphere resource partitioning among different bacterial species with NOI values of 0.25-0.59 allowed stable coexistence, whereas catabolically identical strains (NOI 1.0), even if they belong to different species, cannot coexist.
Jaspers and Overmann [26] used a combination of cultivation based methods with nine molecular biological approaches to investigate whether planktonic bacteria with identical 16S rRNA gene sequences can represent distinct eco and genotypes. They isolated 11 strains of Brevundimonas alba from a freshwater community by employing conventional plating and MPN dilution series. All the 11 strains had identical 16S rRNA gene sequences and each strain utilized a specific combination of 59 C-substrates and the NOI were low which suggested that each strain occupied different ecological niche.
The genomes of certain phylogenetically identical strains exhibit profound differences. Escherichia coli K-12 and 0157:H7 differ not only in genome size (by 0.89 Mb) but also in a considerable number of chromosomal genes. Twenty-five percent of the genes present in the enterohemorrhagic organism E.coli 0157:H7 are not found in the nonpathogenic organism E. coli K-12, whereas 12% of the genes in the latter organism are absent in the former organism [27] . Nevertheless, some of the 16S rRNA gene sequences (e.g., the two rrsE genes) are identical in the two organisms. Similarly, genomic fingerprinting [28] [29] [30] and analysis of fosmid libraries of DNA fragments from marine samples [31] have indicated that nonpathogenic bacteria with identical 16S rRNA gene sequences but distinctly different genomes coexist in natural ecosystems [24] . The term micro diversity has been used to describe the phenomenon of phylogenetically closely related but physiologically distinct bacterial populations [9] . In order to assess the extent of microdiversity present in a natural habitat, the niche separation between the different genotypes with identical 16S-rRNA genes, and finally the potential limitations of 16S-rRNA-based methods, more information about the genetic and ecophysiological differences of such bacteria is required.
